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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 692

SOME FUNDAMENTAL CONSIDERATIONS IN REGARD TO
THE USE OF POWER IN LANDING AN AIRPLANE

By Walter S. Diehl
SUMMARY

This note 1g concerned with the effect of power omn

landing speed and apparent maximum 1lift coefficient. It
is shown that when secondary effects are neglected, the
maxlnum avallable increase in 1ift due o power ls equal
to the thrust being developed. If the increase in 1lift
due to power ls expressed in coefficlent form, very. high

values may be shown under conditions which, on analysis,

are found to be wholly impracticable in flight. _ B

INTRODUCTION

It is an obvious and a wellwknown fact that the "land-

ing speed" of an airplane depends on the amount of power
being used and that the landing speed with power is lower

than the stalling speed in a glide without power. There

is no simple method of precise analysls that enadles the
calculation of the exact landing speed for any given a&ir-

but it is possible to obtain a very close approxi-

mation from congideration of the fundamental quantities
involved.

In view of the current interest in the effect of.

rower on landing speed, it has seencd desirable to indi-

cate in a general way the factors involved and the physi-
cal limits to increasing 1lift bv means of slipstream ef-

fects. )

MOMENTUM REACTIONW - : -

The product of mass by veloelty, or MV, is known

as momentum. Newton's Second Law of Motion states that
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the measure of a force is, the rate of change in the momen-
tum it produccs. In the usual symbolic form, the second
law ig .

F=M(V, =V, )/t (1) -
When the motion starts from rest V, = 0, so that
Ft=UT _ (2)

Newton's Third Law of Motion states that action and
reaction are equal and opposite. When a projectile is
fhred from & gun, the force actinz on the projectile 1s
accomnpanied.dy an equal and opposite force, or reaction,
acting on the gun,

Wing 1ift and propeller thrust are reactions obtalned
by imparting momentum to the air. The airplane wing de-
rivos its 1ift by imparting downward momentum to the air
upon which it acts. Lift and vertical momentum imparted
in unit time mugt be equal and opposite in ‘steady horlzon-
tal flicht. Lift can be increased only by increasing the
downward momentum. Thig means increaging the mass of air
acted on, increasirg the downward volocity, or incroaslng
the product of the two. The mags of air Iinfluonccd by the ..
wing ig very great, oven under normal conditions. As
gshown in referencae 1, the disturbance or downwash is per-
ceptiblo abouvt 20 chord lenzgths below the wing. '

Thruet is obtained from the axial momenitum impartod
by the propellor to the slipstreamn. In an airplane, the
slipstream constltutes an increment in momentum that may
be emploved to auegment the normal wing lift. However, the {
actual increase in 1ift so obitalned can never be greater
than the thrust. 4n apparent additional 1ncrease can, of
course, ve obtained in an airplapa.having noor wing-roafb }7
fillate or nacklle fairings that cauyge.an aarly argakdown /[/7
in the.aix flow_in the absence of-the slipstream. Thi ——
COJLML*%S .not presenf. ;.g00d dosign and it may._he
neglected 1A this digcugsion. - ' e '

It must be emphasized that the forezoing analysis has
been concerned with 1ift and thrugt as forccs - not as
coefficients. I% is possible to malke uso of coofficlonts
under conditions to be indicated later.
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EFFECT OF SLIPSTREAM ON LANDING SPEED

For equilibrium in horizontal flight, the normal 1ift
on the wings Ly, plus the lift duc to thrust Lp, must

be equal to the weight W, or

IJW + LT = W (3)
The 1ift on the wings is given by
Ly = O, q S ) ) (4)

where ¢ =% p V2 and S is the wing area. The 1ift due
to thrust is some function of the thrust T, or )

Lp = £(T) = K T . __ N (5)
Combining these equationg,
G, ¢ S =W - X @ (8)

from which, at Oy » ‘the landing speed Vy 1is R

T-XKT o : \ .

V. = v/[v S O P
L . C S . o . N
. I'max % P : o =

The landing speed with vower is given relative to the
stalling speed without power by

v wm ' '
L. /¥ - KT _ . XT _
To = = ~//1, = i (8)

In the analysis of the nreceding section, it was con-
cluded that the lift due to thrust could never exceed the
thrust except for the effect of the suppressed burble in ?
the case of an initially defective wing fairing., X isg - -
numericelly equal to the ratio of the increased 1lifs to ) T
the thrust and therefore should normally be less than uni-
ty and rarely greater than unity. '

This may be demonstrated by flight tests. Consider
the data given in the table on vage 8 of reference 2. . ' o
The zross weight is stated on raze 15 to e 1,550 pounds. =
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With fleps up the stalling speed was reduced from 46.8B
miles per hour %o 41.3 miles per hour by the use of Dpower.
From ficure 11 of the same report, the power avallapnle at
41 miles per hour is +t.hp, = 40, from which

Honce the calculated landing speed with power, with K =
1.0 in eguation (8), is

-

266 _ —
= - — et e . . R h .
Vi, 46.8 X 1 BB O 409 m.D

which is very close to the observed value of 41l.3. The in-
dicatecd value of X -is 0.94 in this caseo.

For the same airvlanc with flapsg down, the uso of
power rcduced the stalling specd from 41.3 miloes por hour
to %35.2 miles per hour. From figure 11 of reforcnce 2, at
35 milos per hour, +.hp. = 37. Hence, the thrust was

375 _x 37

7 1b.
25 397 1

T =

With X = 1.0 in equation (8), tho calculated landing

sveed with power would. be . . : -

which is also in very close agreement with the observed
value of 35.2 miles per hour. In thie case the indicated
value of X 1g 1.086. : - '

THE EFFECT OF SLIPSTREAM ON APPARERT -

HAXIMUM LIFT COEFFICIENT

Sitce stalling speed varies inversely as / CLmax' an
equivalent CLm L Tmev be obtained for the landing sgpeed,
a

Vi, using equation (8). Denoting the coefficlent with
power by GLP'
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Lp XT . -

(1 ]

If the Y1ift due to thrust 1s 0.5W, then Op_ = 20j .
; . ] P max

If XT = W, +then GLé = @ and thefaifplane can maintain
a vertical, hovering attltude.

It may be clearer to start from equation (3) written
in a slightly modified form

I'P = LW + LT (3&)

This equation simply stetes that the tétal 1lift with power
equals the normal wing 1ift plus the increment due to the
% ig.divided through dy ¢S

Lp Ly Ip L
P _ =W, 2T . L _ (T
as = a5 * s (x0).

All terms are 1ift coefficients and at Of

max
. = C + AC 11)
Lp Iy Lp
whers a
N _ Lmp ' )
_ A0y, = 35 | (12)__

ACLp may have very high values when the product gqS 1is

small. Reducing S does not affect GLmax but it does

increase both ACLP and CLP.

This may be shown by assuming values of Lgp/S angd
calculating AGLP as a functlon .of the dynamic pressure

q. Figure 1 indicates the type of the variation obta;nedf
GENERAL DISCUSSION -

Since the actual 1ift incréase due to power can never
be greater than the thrust beinz developed, it follows
that the total wing area in the slipstream is a secondary
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factor in the production of this 1ift. There 1s some de-
pendence, however, of the anglé for maximum 1ift on tho
relative intensity of the wing circulation (or downwash )
and the slipstream. If any increage in 11f% ig ocbitained
from multiple propellors of the same total powor, it must
be due to the grestar thrust hoinz developed and not-to_
tho additional wing area in_ the sglipstroom.

—

A cgsual inspection of figure 1 might give the 1im-

pression that enormous increases in GLmax can be ob-

tained by the use of power. A careful study will show,
however, that there is a fairly definite practical limit
dictated by the thrust avallable. Figure 2 gives ACLP

in terms of T/b.hp. and .W/b.hp. The curves in this
figure are obtained from equation (9) by assuming X = 1.0
and taking T/W = (T/v.hp.)/(¥/b.hp.), with Cp _ = 2.00.

A normal value of * T/b.hp. in the landing condition will
rarely oxceed 4.0, even if full power is used. It should
also be noted that the handling properties of the alrplane
may restrict the amount of power that can be used 1in land-~
ing and, in particular, the power cannot be greater than
that required in horizontal flight. In general, this last
restriction operates very effectively to limit the percent-
age of power that can be used on an airplane having a low
power loading. Consequently, large increases in chax

are theoretically possible but highly impracticadle.
CORCLUSIONS

1. The actual increasc in. 1ift due to the use of
power can never be greater than the thrust being developed.
(except for airplanes having defectlive wing fairing, )

2. TFlight tests indicate that the value of- X in
equations (5) and (8).is substantially unity, honce the
momentum in the slipstream is completely absorbod in the
downwash or wing momentum. .

?. The landing speed with power may be calculated
from the stalling speed without power by the use of equa-'
tion (8), when the availlable or permissible thrust is
known. ' '
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4. It is impossible %o use in landing any more power

than that required for horizontal flight at the landing
speed since otherwise the airplane would climb.

Bureau of Aeronautics, Navy Department,

Wagshington, D. C.,, March 2, 1939,
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Figure 1,- BEffect of power on apparent lift coefficient.
Baslc wing CImax = 2.0
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